ABSTRACT: Twelve beef steers (368 k 25.3 kg) and four beef heifers (559 Ifr 79.5 kg) fitted with ruminal cannulas were used to evaluate effects of yeast culture (YC) and advancing season on dietary chemical composition, intake, and in situ CP and NDF degradation. Treatments were control and YC supplementation (28.4 g.steer-l.d-l dosed ruminally). Steers grazed from late June to early November 1991 on mixed-grass prairie. Experimental periods consisted of 10 d for adaptation and a 13-d collection phase. Forage samples collected from YC-supplemented steers had greater ( P < . l o ) soluble N and in vitro OM disappearance than forage from controls throughout the grazing season. Organic matter intake was greater ( P < . l o ) by YC-supplemented steers during June. Fecal output and OM intake increased ( P < . l o ) from June to September. Increases ( P < .lo) in in situ NDF disappearance were noted a t 8, 16, and 24 h in June, at 8, 48, and 72 h in July, and at 8 h in
Introduction
Increasing maturity of pasture forage usually corresponds to decreasing digestibility and intake, lower CP content, and increased dietary fiber Campbell and McCollum, 1989; Kirby and 'Scientific paper no. 2126 5T0 whom correspondence should be addressed. 6P&sent address: 1010 E. Bdwy, Pierre, SD 57501. and feed efficiency (Hudyma and Grey, 1990) in concentrate-fed cattle. Increased DMI and gain in concentrate-fed heifers, as well as increased cellulose digestion, suggest that YC may be beneficial to cattle grazing rangelands. Hence, our objectives were to evaluate the effects of YC and advancing season on forage utilization by steers grazing mixed-grass prairie in the northern Great Plains.
Materials and Methods

Study Area
Grazing trials were conducted at the Central Grasslands Research Center ( CGRC) located on the Missouri Coteau in south-central North Dakota. Vegetation, soils, and topography of the CGRC were described by Lura et al. (1988) . Sixteen animals grazed from June 1 to November 1 on a 30-ha native grass pasture. Peak standing crop, estimated in mid-July by clipping ungrazed plots (Cook and Stubbendieck, 19861 , was 3,030 kgha; total forage disappearance was 28%. Major pasture grasses were Kentucky bluegrass ( Poa pratensis) , needle and thread ( Stipa cornata), western wheatgrass (Agropyron smithii), and blue grama (Bouteloua gracilis) . Fringed sage ( Artemisia fridgida), rigid goldenrod ( Solidago rigida) , and cudweed sagewort ( Artemisia ludouiciana) were the primary forbs. Western snowberry ( Symphoricarpos occidentalis) was the only shrub species.
Precipitation from May 1 to November 30 totaled 28.7 cm, which is 7.4 cm less than the 40-yr average. June, July, and August were particularly dry, hastening the onset of pasture forage dormancy. Aboveaverage rainfall in September and October allowed for modest regrowth of cool-season vegetation.
All cattle had free-choice access to water and a commercial trace mineral salt (Morton T-M salt block, Morton International, Chicago, IL; guaranteed analysis: not less than 93% NaC1, .35% Zn, .28% Mn, .175% Fe, .035% Cu, .007% I, .007% Co). In addition, mineral supplements (Purina Mineral Block 12: 12 VA, Purina Mills, St. Louis, MO; guaranteed analysis: not less than 12.0% Ca, 12.0% P, 3.0% NaCl, .0003% Se, .0004% I, 1.0% K, 1.0% Mg, 68,000 I U k g of Vitamin A 1 were available free-choice throughout the grazing season.
Animals
Twelve ruminally and duodenally cannulated Hereford x Angus steers (average initial BW 368 f 25.3 kg) and four ruminally cannulated beef heifers (average initial BW 559 k 79.5 kg) were used. Ruminal fistulation procedures were conducted according to Streeter et al. (1990) and approved by the North Dakota State University Animal Care and Use ET AL.
Committee. Postoperative care, as outlined by Caton et al. ( 198 71 , involved topical and intramuscular antibiotic application for a period of 2 wk after surgery.
Six steers and two heifers were assigned randomly to either control or yeast culture (Diamond V XP, Diamond V Mills, Cedar Rapids, IA; YC) supplementation groups. Yeast culture was dosed ruminally at a rate of 28.4 g ( a s fed basis)/animal daily. Yeast was weighed into gelatin capsules and administered at approximately 0700 on d 1 through 22 of each sampling period. Steers remained on the same treatment across sampling periods.
Sampling Periods
Four 23-d sampling periods were conducted during the grazing season: June 11 to July 3 (late June), July 13 to August 4 (late July), August 12 to September 3 (late August), and September 23 t o October 15 (early October). Sampling periods consisted of a 10-d adaptation phase and a 13-d collection phase. On d 11 of each period, beginning at sunrise, cattle were gathered from the study site, and the rumens of six animals (two heifers and one steer/ treatment) were evacuated completely. Evacuated animals were allowed to graze freely in the trial pasture for up to 60 min before ruminal ingesta samples were collected. This sampling process was repeated until approximately 40 kg of freshly ingested forage was collected per treatment (minimum of two 60-min sampling timedperiod). Ingesta samples were composited within animal across sampling time. Diet samples were taken from unfermented ingesta composites of individual animals and immediately frozen ( -10°C). Remaining masticate was composited across animals within treatment.
Twenty kilograms of foragejtreatment were dried to a constant weight in a forced-air oven (50°C) and used to determine in situ NDF and CP disappearance ( ISNDFD and ISCPD, respectively). Dried forage was ground to pass a 2-mm screen and weighed (5.00 f .02 g ) into Dacron bags (Ankom, Fairport, Ny; 10 cm x 20 cm with a pore size of 53 k 10 pm). Bags were sealed with a size 6 rubber stopper and incubated ruminally for 0,4, 8, 12, 16, 24, 36,48, or 72 h (time 0 = 0700; d 17 to 20). Twenty-seven bags containing forage and nine empty bags were prepared for each of 12 steers. Dacron bags were suspended in the rumen in large, unanchored, nylon mesh bags (38 cm x 46 cm) that were fitted with a nylon zipper. Three bags containing forage and one empty bag were removed from each steer at each incubation time. Following each incubation time, bags were rinsed with warm tap water until effluent was clear. Bags were dried to a constant weight in a forced air-oven (50°C), dessicated, and weighed.
Chromic oxide was used to estimate fecal output by the steers. Gelatin capsules that contained chromic instantaneously degraded CP fraction (Fraction A ) and a slowly degraded CP fraction (Fraction B). Rates derived from this model relate to disappearance of Fraction B (NRC, 1985) . oxide (8.00 k .02 g ) were dosed ruminally twice daily (0700 and 1900) on d 13 to 20 of each period. Fecal grab samples were collected at sunrise and at 4, 8, and 12 h later on d 18 through 20 (Funk et al., 1987b) . These times corresponded approximately to 0700, 1100, 1500, and 1900. Samples were dried to a constant weight, ground to pass a 2-mm screen, and composited on an equal dry-weight basis within animal across sampling times.
Laboratory Analyses
Samples of ingested forage were freeze-dried. Dry matter, ash, CP, and ADF of diet samples and CP of in situ residues were determined by standard procedures (AOAC, 1990) . The nonsequential method of Robertson and Van Soest (1982) was used to determine NDF and ADL of diet samples and NDF of in situ residues. Acid detergent insoluble nitrogen was calculated as N remaining in the ADF residue. Soluble N was extracted with .15 M NaCl according to the procedure of Waldo and Goering (1979) . In vitro OM digestibility (IVOMD) was determined by a modified procedure of Tilley and Terry (1963) , in which samples were centrifuged and the supernatant fluid was discarded before the addition of pepsin. Inoculum used for the in vitro procedure was collected from one unsupplemented cow that was given ad libitum access to long-stem alfalfa hay. Fecal chromium was prepared for analysis by the method of Williams et al.
( 1962 1. Chromium concentrations were determined by atomic absorption spectroscopy using an air-plusacetylene flame. Rate and lag time of ISNDFD were calculated via the nonlinear model of Mertens and Lof'ten (1980) . A nonlinear model (Orskov and McDonald, 1979; NRC, 1985) was used to estimate rate and extent of ISCPD; this model includes an
Statistical Analyses
Dietary chemical composition, fecal output, OM intake, and in situ data were subjected to split-plot analysis of variance (Gill and Hafs, 1971) . Effects for sampling period, treatment, sampling period x treatment, and animal within treatment were included in the model. Treatment effects were tested using animal within treatment as the error term. Interactions were tested using residual error. Sampling period x treatment interactions ( P < . l o ) were detected for OM intake, fecal output, and in situ data; therefore, these data were analyzed within sampling period. Effects of sampling period on OM intake, fecal output, and in situ data were analyzed for each treatment group using a randomized block design (Cochran and Cox, 1957) . The model included effects for sampling period and animal. The GLM procedures of SAS ( 1985) were used for all statistical computations. Because of changing forage phenology and unequal spacing of sampling periods, the method of least significant difference was used to separate treatment means when significant ( P < . l o ) F-tests for treatment were detected.
Results and Discussion
Diet Analyses
No treatment x sampling period interactions ( P > . l o ) were noted when diet data were subjected to split-plot analysis of variance; therefore, main effect Martin et al., 1989) . In vitro OM digestibility of ingesta collected from YCsupplemented animals also was increased ( P < .O 1) during our trial. Earlier reports (Malcolm and Kiesling, 1990) indicated that YC had no influence on digestibility of concentrate diets. The inoculum we used was taken from one animal maintained on an alfalfa diet; therefore, this difference in IVOMD probably reflects differences in diet selectivity between treatments. Langelands (1969) noted that plane of nutrition of grazing sheep influenced the amount of total N in masticate samples. Cattle supplemented with YC in our trial may have had an improved plane of nutrition, causing them to graze more selectively, which might explain why YC-supplemented animals selected a diet of higher IVOMD compared with controls. Dry conditions prevailed during mid-season, which increased the onset of pasture dormancy and caused a general decrease in diet quality from June to September (Table 1) . Late-season rains allowed moderate regrowth t o cool-season grasses before and during early October. Forage soluble N increased slightly ( P < . l o ) and IVOMD was numerically greater during this period (Table 11 , which may have resulted from increased soil moisture (Funk et al., 1987b) . Fiber constituents (NDF, ADF, and ADL) of pasture forage increased ( P > .lo) from June to October, which agrees with the results of Krysl et al. (1987) and Campbell and McCollum (1989) . Dietary CP was less ( P < .05) in late July, late August, and early October ET AL. than in late June. Kempton et al. (19771, Adams et al. (1987) , and Kirby and Webb (1989) reported similar findings. Increased dietary soluble N ( P < .05) in October was unexpected; however, Funk et al. (1987b) and Krysl et al. (1987) noted increases in soluble N and available dietary CP, respectively, during late September. This phenomenon may be a result of late-season rains or possibly contamination from increased N recycling to the rumen in response to low forage CP (Egan, 1975) .
Our dietary CP values were lower than those reported by others found in the northern Great Plains (Kirby and Webb, 1989; Hirschfeld, 1992) . Silcox (1991) observed similar seasonal trends in CP of grazed forage (14.2 to 9.0% CP) during summer 1990 at the CGRC. These low values may have resulted, in part, from prolonged dry conditions experienced in this region during the late 1980s. In vitro OM digestibility decreased from June through September ( P < .03).
Many researchers at various locations in the United
States have reported similar results (Pfister et al., 1984; Adams et al., 1987; Krysl et al., 1987; Campbell and McCollum, 1989; Kirby and Webb, 1989) . Yeast culture supplementation seemed to increase grazing selectively ( a s evidenced by increased IVOMD) and might be valuable in alleviating late-season decreases in forage digestibility.
Dietary Inta he
Organic matter intake (gramskilogram of BW) was increased by YC supplementation during late June ( P < .03, Table 21 , which agrees with the findings of Hudyma and Grey ( 1990) and McLeod et al. (1991) . No treatment differences were observed in the other three collection periods. These data indicate that YC increased intake early, but not late, in the grazing season. Fecal output was unchanged ( P > . l o ) .a8
--a,b,cMeans in a row that do not have a common superscript differ ( P < .lo). dObserved significance level for treatments; NS = non-significant ( P > .20). apb,cMeans in a row that do not have common superscripts differ ( P i .lo), n = 6. dObserved significance level for treatments; NS = non-significant ( P > ,201. eNonlinear convergence criteria not met; steer deleted from calculations, and the more conservative SEM is reported. a,b,c,dMeans in a row that do not have common superscripts differ ( P < .lo), n = 6.
eObserved significance level for treatments. NS = non-significant ( P > .20). fFraction A equals the rapidly degraded fraction of CP; Fraction B equals the slowly degraded fraction gNonlinear convergence criteria not met; steer deleted from calculations, and the more conservative of CP.
SEM is reported.
by supplemental YC. Organic matter intake by control animals increased ( P < . l o ) from June to August;
however, OM intake in October did not differ ( P > .lo)
from that in July and August. This finding conflicts with previous research, in which intake of grazed forage in the northern Great Plains decreased (Hirschfeld, 1992) or remained constant over a similar time span (Adams et al., 1987; Silcox, 1991) . Intake by YC-supplemented steers did not change ( P > . l o ) with advancing season. Fecal output of both control and YC-supplemented steers increased ( P < .01) from June t o August.
In Situ Disappearance
Treatment x sampling period interactions ( P < .lo)
were detected when ISNDFD and ISCPD data were analyzed; therefore, data from control and YC-treated animals were analyzed separately to determine the effect of sampling period on ISNDF and ISCPD. Treatment effects for ISNDFD and ISCPD are reported within sampling period. Neutral detergent fibers disappearance was increased ( P < . l o ) for YCsupplemented animals at 8, 16, and 24 h during late June, at 8,48, and 72 h during late July, and at 8 h of incubation during late August. In addition, 72-h in situ NDF disappearance tended ( P < .15) to be increased by YC during June, as did 36-h NDF ( P < . l o ) disappearance during late July. Increased NDF disappearance as a result of supplemental YC has not been reported previously (Martin et al., 1989; Arambel and Kent, 1990; Wohlt et al., 1991) . Yeast supplementation did not affect rate or lag time of ISNDFD during any sampling period. Extent of in situ DM disappearance (72 h of incubation) was increased by YC supplementation during July ( P < .01; 74.2 vs 70.3) and tended ( P < .18; 74.9 vs 72.8) to be increased during June. Extent of NDF disappearance (72 h ) was greatest during June for both treatment groups (Table 3) , which agrees with the results of Caton et al. (1993) . Rate of ISNDFD was least during June and October for control and YC-supplemented cattle when greater amounts of precipitation were received. Poppi et al. (1980) suggested that fiber components in low-quality forages are less available for ruminal digestion than are fiber components in high-quality or actively growing forages. Hence, reasons for lower rates of ISNDFD during late June and early October, when forage was actively growing, are unclear. Distinct seasonal trends in ISNDFD at various incubation times were not evident. Funk et al. (1987b) also were unable to demonstrate large changes in ISNDFD as forage maturity increased.
In situ CP disappearance of forage in YC-supplemented steers was increased ( P < .06) over that in controls at 0, 4, 8, 12, 16, 24, 36 , and 72 h during late June (Table 4) . Yeast-treated steers had increased ( P < .07) ISCPD at 48 and 72 h during late July and at 0, 4, and 8 h during late August ( P < .03). No treatment differences were detected in ISCPD during early October. The response to YC noted in late June may be partially explained by changes in diet selectivity (Table 1) or by increased N intakes (Olson et al., 1994) . Diet samples from YC cattle in late June had greater IVOMD than diets from control steers. Moreover, true ruminal OM and N digestion either increased ( P < .lo) or tended to increase ( P < .15), respectively, during late June in YC-supplemented compared with control steers (Olson et a]., 1994) . Increases in CP digestibility as a result of YC supplementation have been reported by Wiedmeier et al. (1987) and Wohlt et al. (1991) . Martin and Nisbet (1992) suggested that YC may increase ruminal proteolysis; increased proportions of rapidly degraded CP (Fraction A ) in YC-treated steers lends support to this concept (Table   4 ). Increased ruminal proteolysis could result in increased N balance and increased dietary N availability in animals supplemented with YC. Retained dietary N was increased in YC-supplemented sheep fed medium-concentrate diets (Cole et al., 1992) .
The fraction of rapidly degraded CP (Fraction A, 0rskov and McDonald, 1979) was increased ( P < .01) in YC-treated steers during late June and late August.
Fraction B (slowly degraded fraction) was increased ( P < . 0 3 ) in the diets of control steers during late June and late August; however, the B fraction was greater ( P < .O 1) for steers receiving YC in late July.
Extent of in situ CP degradation was increased ( P <
.O 1) for YC-supplemented steers in late July, whereas the extent in control steers was greater ( P < .02) in late June. Moreover, total tract CP digestion was increased ( P < .04) by YC supplementation during each sampling period (Olson et al., 1994) . Conversely, rate of CP disappearance in YC-supplemented steers was greater ( P < .04) than in controls during late June.
In situ degradation of CP increased numerically from June through October at all incubation times for both treatment groups (Table 4 ). Rate of ISCPD was least ( P < . l o ) during late June and late July for c0nti.d and YC-treated cattle, respectively, and greatest ( P < . l o ) during early October for both treatment groups. Extent of CP degradation was greatest ( P < . l o ) during late June and least ( P < . l o ) during early October for control and YC-treated steers. Crude protein is often the first nutrient to limit production by cattle grazing dormant rangelands (Wallace, 1988) . Seasonal trends associated with ISCPD may be useful in determining optimum times for protein supplementation, as well as the type of protein (escape vs ruminally degraded) that would be most beneficial. In our study, forage CP was 8.4% in late July, which would be marginal for a beef cow during the first 3 to 4 mo of lactation (NRC 1984) .
Moreover, ruminal ammonia concentrations (Olson et al., 1994) were lower in late July and late August (3.9 and 3.5 mg/dL) than in late June and early October (8.0 and 5.6 mg/dL).
Several investigators have reported that ISCPD increased with advancing season at early incubation times ( 0 to 12 h ) , and extent of ISCPD correspondingly decreased McCollum, 1988, 1989; Hirschfeld, 1992; Caton et al., 1993) . Caton et al. ( 1993) noted that rate of ISCPD increased from June through August, although Hirschfeld ( 1992) reported that advancing season had no consistent effect on ISCPD rate.
Fraction A (rapidly degraded) CP increased ( P < . l o ) as the grazing season advanced, whereas Fraction B protein correspondingly decreased in both treatment groups. Hirschfeld (1992) and Caton et al. (1993) also indicated that plant phenology strongly influenced the relative amounts of these CP fractions. Campbell and McCollum (1989) reported that in situ N disappearance was greatly increased in September at 6 and 12 h of incubation compared with these same time periods in June and August. Late-season increases in the percentage of Fraction A may explain these findings.
Implications
Identification of deficiencies in diet and ruminal digestive capacity of grazing cattle is useful to determine specific supplementation needs. Seasonal decreases in in vitro organic matter digestibility, dietary crude protein, and potential extent of forage crude protein degradation by grazing steers may indicate a need for supplemental protein. Yeast culture increased in vitro organic matter digestibility and dietary soluble nitrogen. Increases in intake and in situ, neutral detergent fiber, and crude protein degradation in response to YC also were observed at various times measured.
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